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!BSTRACT
-IXED CROPPING IS FREQUENTLY USED IN ORGANIC FARM
INGANDRECOMMENDEDWORLDWIDEINLOWEXTERNALINPUT
AREASTOINCREASEPRODUCTIVITYYIELDSECURITYANDPRODUCT
DIVERSITY)NTRIALSWITHDIFFERENTOILCROPSCAMELINAFALSE
ÛAX#AMELINASATIVA,	LINSEED,INUMUSTITATISSIVUM,	
RAPE"RASSICANAPUS,	SAFÛOWER#ARTHAMUSTINCTORIUS
,	ORWHITEMUSTARD3INAPISALBA,	GROWNTOGETHERWITH
GRAINLEGUMESORCEREALSON'ERMANSITESTHEPOTENTIAL
OF RENEWABLE FUEL PRODUCTION PARALLEL TO FOOD PRODUC
TIONWASEVALUATEDINORGANICFARMING$EPENDINGONTHE
CROPCOMBINATIONBETWEENTOKGHAVEGETABLEOIL
COULDBEPRODUCED4HISCOULDCOVERTHEFUELDEMANDOF
AGRICULTURALMACHINERYFORTOHAFARMLAND4HEFOOD
CROPSCOMBINEDWITHOILPLANTSINMIXEDCROPPINGMOSTLY
HADRELATIVEYIELDSHIGHERASSHOWINGTHATALSOYIELD
INCREASESINFOODPRODUCTIONAREPOSSIBLEPARALLELTOTHE
PRODUCTIONOFRENEWABLEFUEL!SEXAMPLEFORANINTRODUC
TIONOFANONCOMMONOILCROPINFARMCYCLESRESEARCHRE
SULTSONTHEUSEOFSTRAIGHTVEGETABLEOILASFUELINTRACTORS
ANDOFOILCAKEASFEEDSTUFFFORLIVESTOCKFROMCAMELINAARE
SUMMARISED"ASEDONTHERESULTSTHEIMPORTANCEFORTHE
'('EMISSIONSOFORGANICFARMSISDISCUSSED7HENMIXED
CROPPINGSYSTEMSWITHOILCROPSANDTHEUSEOFALLPRODUCTS
ARECONSEQUENTLYINTRODUCEDIMPROVEMENTSINTHE'('
BALANCEOFFARMSCANBEEXPECTEDBYSAVINGSINPRODUC
TIONANDYIELDSTABILISATIONINMIXEDCROPPINGASWELLASBY
DIRECTSUBSTITUTIONOFDIESELFUELINAGRICULTURALMACHINERY
ANDBYSUBSTITUTIONOFIMPORTEDFEEDCOMPONENTSFORLIVE
STOCK
+EYWORDS/RGANICFARMINGFEEDCOMPONENTSFOODAND
BIOFUELMIXEDCROPPING 
:USAMMENFASSUNG
6ERBESSERUNGDER4REIBHAUSGASBILANZENÎKOLOGISCHER
"ETRIEBEDURCHDIE.UTZUNGVON0ÛANZENÎLAUSDEM
-ISCHFRUCHTANBAUALSHOFEIGENEN"IOKRAFTSTOFFUND
DIE+ONKURRENZZUR.AHRUNGSMITTELPRODUKTION
-ISCHFRUCHTANBAU WIRD IM ®KOLOGISCHEN ,ANDBAU UND
AUCHWELTWEITIN!NBAUREGIONENMITSCHLECHTEM:UGANGZU
EXTERNEN"ETRIEBSMITTELNANGEWANDTUMDIE0RODUKTIVIT¼T
%RTRAGSSICHERHEIT UND DIE 0RODUKTIONSVIELFALT ABZUSICHERN
UNDZUSTEIGERN)N6ERSUCHENMITVERSCHIEDENEN®LFRÔCHTEN
,EINDOTTER#AMELINASATIVA,	®LLEIN,INUMUSTITATISSIVUM
,	 2APS "RASSICA NAPUS ,	 3AÛOR &¼RBERDISTEL# A R T H A 
MUS TINCTORIUS ,	O D E R WEI·EM 3ENF 3INAPIS ALBA ,	 IM
-ISCHFRUCHTANBAU MIT +ÎRNERLEGUMINOSEN ODER 'ETREIDE
IN$EUTSCHLANDWURDEDAS0OTENTIALDIESER!NBAUSYSTEME
ZUR"IOKRAFTSTOFFERZEUGUNGPARALLELZUR.AHRUNGSMITTELPRO
DUKTIONERMITTELT!BH¼NGIGVONDER&RUCHTARTENKOMBINATI
ONKONNTENIM®KOLOGISCHEN,ANDBAUSOBISKGHA
0ÛANZENÎLERZEUGTWERDEN$IESKÎNNTEDEN4REIBSTOFFBEDARF
FÔRDIE"EWIRTSCHAFTUNGVONBISHA,ANDABDECKEN&ÔR
DIEGLEICHZEITIGPRODUZIERTEN.AHRUNGSBZW&UTTERPÛANZEN
WURDENÔBERWIEGEND2ELATIVERTR¼GEVONGRÎ·ERALSER
MITTELT$ER7ERTZEIGTDASSNEBENDER%RZEUGUNGVON0ÛAN
ZENÎLZ"ZUR.UTZUNGALS"IOTREIBSTOFFAUCH%RTRAGSSTEIGE
RUNGENBEIDEN.AHRUNGSPÛANZENERZIELTWERDENKÎNNEN
!LS"EISPIELFÔRDIE%INFÔHRUNGEINER®LFRUCHTINDEN+REISLAUF
LANDWIRTSCHAFTLICHER"ETRIEBEWERDEN&ORSCHUNGSERGEBNISSE
ZUM%INSATZVONREINEM0ÛANZENÎLALS"IOTREIBSTOFFIN4RAK
TORENUNDZUR.UTZUNGDES®LKUCHENSVON,EINDOTTERINDER
.UTZTIERFÔTTERUNG BESCHRIEBEN UND DEREN "EDEUTUNG FÔR
DIE 4REIBHAUSGAS4('	BILANZ LANDWIRTSCHAFTLICHER "ETRIEBE
DARGESTELLT"EI%INFÔHRUNGVON-ISCHFRUCHTANBAUSYSTEMEN
MIT ®LPÛANZEN UND DER KONSEQUENTEN .UTZUNG ALLER ER
ZEUGTEN+OMPONENTENIM"ETRIEBKÎNNEN4('%MISSIONS
MINDERUNGENINDERLANDWIRTSCHAFTLICHEN0RODUKTIONDURCH
DIE%RTRAGSSTABILISIERUNGDURCHDEN-ISCHFRUCHTANBAUSOWIE
DURCHDIEDIREKTE3UBSTITUTIONVON$IESELKRAFTSTOFFINLAND
WIRTSCHAFTLICHEN&AHRZEUGENUNDVONSONSTIMPORTIERTEN&UT
TERKOMPONENTENFÔRDIE.UTZTIEREERZIELTWERDEN
3CHLÔSSELWORTE®KOLOGISCHER,ANDBAU&UTTERKOMPONEN
TEN.AHRUNGUND"IOKRAFTSTOFF-ISCHFRUCHTANBAU
)NTRODUCTION
-IXEDCROPPINGISAMANAGEMENTTOOLTHATISUSEDIN
ORGANIC FARMING IN TERMS OF EFÚCIENT RESOURCE USE AND
RISKMINIMIZATION*ENSEN(OFAND2AUBER	
!VERYSPECIALPRODUCTIONLINEISMIXEDCROPPINGWITHOIL
CROPS0AULSENAANDA#ARRETAL3ZU
MIGALSKIANDVAN!CKERAND	$UETOVERYIN
SECUREYIELDSOFOILCROPSINORGANICFARMSMIXEDCROPPING
COULDBEUSEDTOSECUREOILSEEDPRODUCTIONATALLIFSUIT
ABLECOMPANIONCROPSAREFOUND3PECIALYIELDGOALSOFTHIS
CROPPINGTYPECOULDBEDEÚNEDFORCOPRODUCTIONOFFOOD
ANDRENEWABLEENERGY
!SSTRAIGHTVEGETABLEOILCANBEDIRECTLYUSEDASFUELFOR
FARMMACHINERY2AMADHAS(ASSELAND7ICHMANN
	OILCROPYIELDFROMMIXEDCROPPINGMUSTBEADAPTED
TOTHEFUELDEMANDOFTHEFARMANDFEEDCROPSCOULDBE
PRODUCEDPARALLEL0AULSENB0AULSENAND2AHMANN
	
'('LOADSOFORGANICALLYPRODUCEDVEGETABLEOILCANBE
VERYLOWDUETOTHELOWEXTERNALENERGYINPUTINORGANIC
PRODUCTION#ORMACK	/ILCROPSCULTIVATEDINMIXED
CROPPING SYSTEMS HAVE ADDITIONAL ENERGY DEMANDS FOR
TECHNICALEQUIPMENTFORSEEDINGANDSEPARATINGTHESEEDS
AFTERHARVEST&URTHERMOREPROBABLEYIELDREDUCTIONOFTHE
MAINCROPWOULDCAUSELOADSFORTHEOILCROPEGIN'('
BALANCES"UTALSOPOSITIVEYIELDEFFECTSOFCOMPANIONOIL
CROPSAREREPORTED4HISWOULDHAVEREDUCINGEFFECTSON
THE'('EMISSIONOFWHOLEPRODUCTIONASWELLASTHEUSE
OFRENEWABLEENERGY!DDITIONALLYOILCAKEFROMOILPRO
DUCTIONCANREPLACEOTHERIMPORTEDFEEDCOMPONENTSWITH
INDIFFERENTCLIMATELOADS3TEINFELD	
-IXEDCROPPINGFORENERGYPRODUCTIONWOULDPROBABLY
BENEEDEDINVARIOUSELEMENTSOFACROPROTATIONTOSUP
PLYSUFÚCIENTFUELINORGANICFARMING4HISIMPLIESANEED
FORTHEUSEOFVEGETABLEOILFROMDIFFERENTOILCROPSINTHE
MACHINESANDFORTHEUSEOFDIFFERENTOILCAKESINANIMAL
FEEDING
)NTHEFOLLOWINGRECENTOWNRESEARCHRESULTSONYIELDOF
MIXEDCROPPINGSYSTEMSWITHDIFFERENTOILCROPSINORGAN
ICPRODUCTIONRESULTSONTHEUSEOFCAMELINAOILASFUEL
COMPONENTINAGRICULTURALMACHINERYANDONOILCAKEIN
CHICKENFEEDINGARESUMMARIZED"ASEDONTHESERESULTS
THEEFFECTSOFTHEINTRODUCTIONOFTHESEMEASURESONTHE
GREENHOUSEGAS'('	LOADOFPRODUCTIONAREDISCUSSED
-ATERIALSAND-ETHODS
&IELDTRIALS
&IELDTRIALSOFMIXEDCROPPINGWITHOILCROPSWEREUNDER
TAKENATFOURSITESIN'ERMANYWITHTHEOILCROPSCAMELINA
FALSEÛAX#AMELINASATIVA,	LINSEED,INUMUSTITATISSI
VUM,	RAPE"RASSICANAPUS,	SAFÛOWER#ARTHAMUS
TINCTORIUS,	ANDWHITEMUSTARD3INAPISALBA,	4HEOIL
CROPSWERESOWNINCOMPLETELYRANDOMIZEDBLOCKDESIGNS
WITHFOURREPETITIONSTOGETHERWITHDIFFERENTLEGUMESPEA
0ISUMSATIVUM,ORBLUELUPIN,UPINUSANGUSTIFOLIUS,	
ORCEREALSWHEAT4RITICUMAESTIVUM,BARLEY(ORDEUM
VULGARE,ORRYE3ERALECEREALE,	)NMIXTURESWITHWINTER
RAPEWINTERVARIETIESWEREUSEDASCROPPINGCOMPANIONS
4ABLE	!LSOTHEMIXEDCROPPINGOFTWOOILCROPSqLIN
SEEDTOGETHERWITHCAMELINAqWASTESTED)NTHEFOLLOWING
TEXTTHEINTRODUCEDOILCROPSAREFURTHERCALLEDlOILCROPSm
4HEOTHERCROPSINTHEMIXTUREARECALLEDlMAINCROPSm
"OTH CROPS WERE SOWN IN SEPARATE ROWS AND OPTIMAL
DEPTHSEACH4HESEEDROWDISTANCESWEREKEPTCONSTANT
INSOLEANDMIXEDCROPPINGTOCM	#ONSEQUENTLY
MOSTSEEDRATESOFOILCROPSANDMAINCROPSWEREREDUCED
TOORCOMPAREDTOTHESOLECROPPINGACCORD
INGTOEXISTINGÚELDEXPERIENCES4HETRIALDESIGNISGIVENIN
0AULSENB	9IELDEFFECTSCOMPAREDTOSOLECROPPING
THEREFORECOULDBEEXPECTEDBYPLANTREDUCTIONPERAREA
BYDIFFERENTINTRAROWPLANTDISTANCESASWELLASBYINTERROW
PLANTCOMPETITIONOFDIFFERENTVARIETIES!FTERHARVESTTHE
SEEDSWEREDIVIDEDANDWEIGHEDSEPARATELY!DDITIONALLY
ALLCROPSWEREGROWNINPURESTANDTOCALCULATETHE,AND
%QUIVALENT2ATIO,%2	-EADAND7ILLEY	
&EEDINGTRIALSWITHOILCAKES
#AMELINAOILCAKEWASTAKENASEXAMPLEFORANOVEL
CROPWITHSPECIALFATTYACIDCOMPOSITIONANDITSUSABIL
ITYINDIETSFORBROILERFATTENING#AMELINAOILCAKEAS
INGREDIENTWASCRITICALLYDISCUSSEDINTERMSOFNEGATIVE
INÛUENCESONFATODOURANDTASTEWHENUSEDINPIGOR
BROILERNUTRITION"ÎHMEAND&LACHOWSKY	3INCE
ITISACCEPTEDINTHE%5FEEDLAW#OMMISSIONDI
RECTIVE%#	)NAFEEDINGTRIALONCHICKENFATTEN
INGENERGYEQUALFEEDRATIONSWITHORCAM
ELINAOILCAKEWEREUSED#HICKENWERESLAUGHTERED
PARAMETERSOFFATTENINGPERFORMANCECARCASSQUALITY
ORGANWEIGHTSANDSENSORICMEATQUALITYWEREDETER
MINED7EISSMANNETAL	
4ESTSINSTRAIGHTVEGETABLEOILDRIVENTRACTORS
5SABILITY OF MIXED STRAIGHT VEGETABLE OILS AS FUELS WAS
EXEMPLARILYEXAMINEDINAGRICULTURALTRACTORSWITHENGINES
ADAPTEDTOTHEUSEOFSTRAIGHTRAPEOIL4WOMODERNCOM
MONRAILTRACTORSWITHK7WERECOMPAREDOVERH
INONEYEARINAÚELDTEST/NETRACTORWASDRIVENWITHCOLD
PRESSEDRAPEOILANDONEWITHAMIXTUREOFCAMELINAOIL
ANDRAPEOIL&UELQUALITIESWEREEXAMINEDACCORDING
TO$).6	-OTOROILSAMPLESWERECONTROLLED
ONVEGETABLEOILCONTENTVISCOSITYANDCARBONRESIDUES(-0AULSEN,ANDBAUFORSCHUNGV4)!GRICULTUREAND&ORESTRY2ESEARCH	 
%STIMATIONOF'('LOADS
4HEPOTENTIALOF'('REDUCTIONONFARMSBYTHESUB
STITUTIONOFDIESELFUELBYSTRAIGHTVEGETABLEOILWASCALCU
LATEDWITHANEMISSIONFACTOROFG#/EQ-*DIESEL
ANDANENERGYCONTENTOFDIESELOF-*KGOR-*L
%5	
2ESULTSAND#ONCLUSIONS
9IELDPOTENTIALOFMIXEDCROPPINGWITHOILCROPS
-IXEDCROPPINGISSEENASMEASURETOEASEOVERALLYIELDS
DUETODIFFERENTGROWINGHABITSANDRESOURCEDEMANDOF
THEDIFFERENTPLANTS4RENTBARTH	$UETOTHISAND
TOSPECIALSITECONDITIONSALSOINTHEREPORTEDTRIALSAVERY
LARGEBANDWIDTHOFYIELDCOMBINATIONSWASOBTAINED2EA
SONSFORTHEYIELDVARIATIONWERELOWÚELDESTABLISHMENT
OFSPRINGSEEDSDUETOSPRINGDROUGHTPERIODSOBVIOUSIN
LOWYIELDLEVELSOFTHEMAINCROPINSOLECROPPING	PROB
LEMS WITH SEEDING TECHNOLOGY OF ÚNE SEEDS AND INSECT
PESTS-ELINGETESANUUS	ONNEARLYALLSITESANDYEARSIN
ALLCRUCIFEROUSPLANTSWHICHISTYPICALFORORGANICFARMING
CONDITIONS0ETTERSONETAL6ALANTIN-ORISONAND
-EYNARDAND	)N4ABLETHEAVERAGEYIELDS
OVERALLSITESANDYEARSAREGIVEN4HERESULTSAREGIVENIN
DETAILBY0AULSENAND3CHOCHOW	
4ABLE
!VERAGEGRAINYIELDSOFMIXEDANDSOLECROPPINGSYSTEMSOFVARIOUSMAIN
CROPSANDOILCROPSINORGANICFARMS;KGHADRYMATTER=ANDLANDEQUI
VALENTRATIOOFMIXEDCROPPING,%2	'ERMANSITESINAND	
OILCROPS MAINCROPS MIXED
CROPPING
,%2
CROPCOMBINATION SOLE MIXED SOLE MIXED TOTAL
WINTERVARIETIES
BARLEYRAPE   A  B 
RYERAPE   A  B 
PEARAPE   B  A 
SPRINGVARIETIES
PEACAMELINA   B  A 
PEACAMELINA)   B  A 
PEARAPE   B  A 
PEAWMUSTARD   A  B 
LUPINCAMELINA   B  A 
LUPINSAFÛOWER   A  A 
WHEATCAMELINA   A  B 
WHEATLINSEED   A  B 
CAMELINAMLINSEED   A  A 
)CAMELINAINBROADCASTSEEDINGMMAINCROPCAMELINA
ABSIGNIÚCANTDIFFERENCESBETWEENYIELDSOFMAINCROPSAREINDICATEDBYDIFFERENT
LETTERSP	
-IXEDCROPPINGOFLEGUMESWITHRAPEORCAMELINAON
AVERAGELEADTOAREMARKABLETOTALYIELDINCREASECOMPARED
TOTHESOLECROPPEDMAINCROP(IGH,%2VALUESBETWEEN
ANDINDICATETHEHIGHAREAEFÚCIENCYOFPRODUC
TIONOFTHOSEMIXTURES4ABLE	
#AMELINADELIVEREDONAVERAGEBETWEENAND
KGHASEEDSWITHAMODERATEYIELDREDUCTIONOFTHEMAIN
CROPSPEAORBLUELUPIN	,%2VALUESBETWEENAND
WEREREACHED-AXIMUMYIELDSOFTANDT
HACAMELINAOCCURREDINPEAOR,ANGUSTIFOLIUSRESPEC
TIVELY!TTHISYIELDLEVELTHEYIELDSOFTHEMAINCROPSWERE
STRICTLYREDUCED0AULSENA	0EAWINTERVARIETY	WAS
KEPT UPRIGHT BY THE RAPE WINTER VARIETY	 AND REACHED
HIGHERYIELDINMIXEDCROPPING"UTBOTHCULTURESWERE
ATANUNSATISFACTORYLOWYIELDLEVEL&LOWERSANDSEEDSOF
RAPESPRINGVARIETY	WEREALMOSTDESTROYEDCOMPLETELYBY
INSECTSINMIXEDANDSOLECROPPING4HISANDANAVERAGE
YIELDINCREASEOFPEAINMIXEDCROPPINGWITHRAPESPRING
VARIETY	LEADTOTHEHIGH,%2VALUEOF$UETOTHEIRDE
SCRIBEDEXTREMEYIELDRISKMIXTURESWITHRAPENEEDFURTHER
EVALUATION
3AFÛOWERPROOFEDTOBEVERYCOMPETITIVEINMIXTUREWITH
,ANGUSTIÚOLIUS!TAN,%2OFOFMIXEDCROPPINGTHE
YIELDWASDOMINATEDBYSAFÛOWER4ABLE	4HISTENDENCY
WASADDITIONALLYINCREASEDBYTHEDIFFERINGRIPENINGTIMES
OFBOTHCULTURESWHICHLEADTOPREHARVESTYIELDLOSSESIN
BLUELUPIN&URTHERCAMELINAORLINSEEDWEREDOMINATEDBY
SPRINGWHEATINMIXEDCROPPING3PRINGWHEATREALIZEDDIS
PROPORTIONATELYHIGHYIELDSINMIXEDCROPPINGIFPLANTNUM
BERREDUCTIONANDEXTENSIONINROWDISTANCESINRELATIONTO
SOLECROPPINGWHICHWEREGIVENBYTHETRIALDESIGNARECON
SIDERED)NTHOSESYSTEMSTHEOILCROPSCAMELINAORLINSEED
SHOWEDSEEDYIELDSOFKGHAANDKGHADRYMAT
TER	RESPECTIVELY-AXIMUMYIELDSOFCAMELINAOFKG
HADRYMATTER	ONLYOCCURREDTOGETHERWITHLOWYIELDLEVELS
OFTHEMAINCROPSPRINGWHEAT0AULSENB	)NMIXED
CROPPINGWITHLINSEEDCAMELINADOMINATEDTHEYIELD"UT
ALSOINTHEFOURLATTERMIXEDCROPPINGSYSTEMS,%2VALUES
LARGERTHANONECOULDBEREACHED4ABLE	%XCEPTTHEMIX
TURESPEAWHITEMUSTARDANDLUPINSAFÛOWERINALLMIXED
CROPSTHEMAINCROPSHADRELATIVEYIELDSHIGHERAS4HIS
MEANSTHATYIELDINCREASESINFOODPRODUCTIONAREPOSSIBLE
PARALLELTOTHEPRODUCTIONOFRENEWABLEFUEL
-EANABSOLUTEYIELDGAINSANDLOSSESOFMIXEDCROPPING
WITHOILCROPSINORGANICFARMSATSAMEAREAUSEBOTHCUL
TURESWOULDHAVEINSOLECROPPINGARETABULATEDIN4ABLE
4HISSCENARIOCANBEHELPFULWHENOILSEEDSSHALLBEPRO
DUCEDINTHEFARMANDMIXEDCROPPINGSHALLHELPTOOVER
COMECROPPINGDIFÚCULTIESEGINWEEDORPESTMANAGE
MENT3AUCKEAND!CKERMANN0AULSENETAL
0AULSENETALB	4HEREFOREIN4ABLETHEINTRODUC
TIONOFHAMIXEDCROPPINGISCOMPAREDWITHTHEPRODUC
TIONOFHAOFEACHCULTUREINSOLECROPPING
%XCEPTFORCOMBINATIONSOFPEAWITHWHITEMUSTARDAND
OFBLUELUPINWITHSAFÛOWERALLCOMBINATIONSLEADTOAN
IMPROVEMENTOFTHEABSOLUTESEEDPRODUCTIONOFTHEMAIN
CROPONFARMLEVEL/ILCROPSWEREPRODUCEDINALLSYSTEMS
!DECREASEINOILCROPPRODUCTIONONFARMLEVELCOMPARED
TOSOLECROPPINGSYSTEMSWASOBVIOUSINCOMBINATIONSOFOIL
CROPSWITHWHEATWHENCAMELINAWASGROWNINBROADCAST
SEEDINGTOGETHERWITHPEASINMOSTCOMBINATIONSWITHRAPE
ANDÚNALLYINLINSEEDIFCOMBINEDWITHCAMELINA4ABLE	
4ABLE
9IELDSANDYIELDGAINSORLOSSESBYMIXEDCROPPINGCOMPAREDTOSOLE
CROPPINGATEQUALLANDUSE;KGHADRYMATTER=
FARMYIELDHA ADDITIONAL
MIXEDCROPPING SOLECROPPING FARMYIELD
BYMIXED
CROPPING
HA HAHA HA
CROPCOMBINATION OILCROP MAIN
CROP
OIL
CROP
MAIN
CROP
OIL
CROP
MAIN
CROP
WINTERVARIETIES
BARLEYRAPE      
RYERAPE      
PEARAPE      
SPRINGVARIETIES
PEACAMELINA      
PEACAMELINA)      
PEARAPE      
PEAWMUSTARD      
LUPINCAMELINA      
LUPINSAFÛOWER      
WHEATCAMELINA      
WHEATLINSEED      
CAMELINAMLINSEED      
)CAMELINAINBROADCASTSEEDINGMMAINCROPCAMELINA
"UTANOVERALLYIELDGAINOILCROPSMAINCROPS	INALL
MIXEDCROPPINGSYSTEMSISOBVIOUS4HEDECISIONWHICH
CROPPING SYSTEM IS PREFERRED THEREFORE IS DEPENDANT OF
YIELDRISKASSESSMENTSOFSOLECROPPINGANDOFPOSITIVEAS
PECTS MIXED CROPPING MAY DELIVER PHYSICAL STABILISATION
ASPECTSWEEDSUPPRESSIONYIELDBUFFERINGASPECTS	!LSO
GOALSFORSEEDYIELDSWILLINÛUENCETHECHOICEOFTHECROP
PINGSYSTEM
/RGANICMIXEDCROPPINGSYSTEMSWITHCAMELINAPROOFED
TOBERELATIVELYROBUSTINYIELDSANDRIPENINGTIMESOVERTHE
YEARSANDSHOWEDYIELDBUFFERINGCAPACITIES4HEREFOREFUR
THERSTUDIESONTHEUSEOFITSOILANDOILCAKEONFARMSWERE
UNDERTAKEN4HESEEXPERIENCESAREDESCRIBEDINTHEFOLLOW
ING4HEPOSSIBLEEFFECTSONCHANGESOF'('BALANCESON
FARMLEVELAFTERINTRODUCTIONOFTHESYSTEMAREESTIMATED
5SEOFOILCAKESINLIVESTOCKFEEDINGANDALTERNATIVEUSAGES
)N ORGANIC LIVESTOCK NUTRITION THE USE AND PRODUCTION
OFASUFÚCIENTAMOUNTOFHIGHQUALITYFEEDCOMPONENTS
CONTAININGPROTEINANDAMINOACIDSISESSENTIALFORTHECRE
ATIONOFPUREONFARMDIETS:OLLITSCHETAL	4HE
USEOFLOCALLYPRODUCEDOILCAKESWOULDHELPTOAVOIDEX
TERNALENVIRONMENTALEFFECTSAND'('LOADSBYIMPORTOF
FEEDCOMPONENTS3TEINFELDETAL	2EPLACEMENTOF
OILCAKEFROMSOYA'LYCINEMAX	WHICHMIGHTBEPOLLUTED
WITH'-/FROMCONVENTIONALPRODUCTION0ARTRIDGEAND
-URPHY 	 WOULD BE ANOTHER IMPORTANT ASPECT TO
GUARANTEEFOODSECURITYINORGANICFARMS
)NTERMSOFITSGUCOSINOLATECONTENTSANDITSCONTENTOF
LINOLENANDLINOLENICACIDTHEUSEOFCAMELINAOILCAKEIN
ANIMALNUTRITIONWASCRITICALLYDISCUSSED"ÎHMEAND&LA
CHOWSKY 	 &URTHER TRIALS ON AN ADEQUATE DOSAGE
IN POULTRY PRODUCTION WERE UNDERTAKEN *ASKIEWICZ AND
-ATYKA7EISSMANNETAL	4ODAYTHEREISA
GENERALALLOWANCEOFTHEINGREDIENTINLIVESTOCKFEEDING
#OMMISSIONDIRECTIVE%#	
4ABLE
%FFECTSOFTHECOMPLETEREPLACEMENTOFOILCAKEOFSOYACONTENT	
BYOILCAKEOFCAMELINAINFEEDINGRATIOSFORCHICKENSONPERFORMANCE
ANDMEATQUALITY7EISSMANNETAL	
'MAX
OILCAKE
#AMELINA
OILCAKE
&ATTENINGPERFORMANCEN  
3LAUGHTERINGWEIGHTG B AB
$AILYWEIGHTGAING A A
&EEDINTAKEGD BC AB
&EEDCONVERSIONGG  
/RGANWEIGHTSN
4HYROIDG B B
,IVERG AB AB
#ARCASSYIELD AB AB
3ENSORICMEATQUALITYLEG	BADVERYGOOD	
4ENDERNESS  
*UICINESS  
!ROMA  
&ATTYACIDCOMPOSITIONOFINTRAMUSCULARFAT
3&! A A
-5&!  
05&!  
2EST  
ABCDIFFERENTLETTERSINDICATESIGNIÚCANTDIFFERENCESPd	
3ATURATED&ATTY!CIDS###-ONO5NSATURATED&ATTY!CIDS#
###0OLY5NSATURATED&ATTY!CIDS###(-0AULSEN,ANDBAUFORSCHUNGV4)!GRICULTUREAND&ORESTRY2ESEARCH	 
2ESULTSONTHESUCCESSFULCOMPLETEREPLACEMENTOFSOYA
OILCAKEBYCAMELINAOILCAKEINORGANICCHICKENFEEDRATIOS
AREPRESENTEDIN4ABLEEXEMPLARILY!NIMALPERFORMANCE
ANDMEATQUALITYINTHECHICKENFATTENINGWERENOTINÛU
ENCED7EISSMANNETAL	
4HECONSEQUENCESFORTHEREDUCTIONOF'('OFORGANIC
PRODUCTIONWHICHMIGHTBECAUSEDBYTHISREPLACEMENTIS
UNCLEARBUTWOULDSURELYBEHIGHIFLANDUSECHANGESFOR
EGORGANICPRODUCTIONOFSOYACANBEAVOIDED7EIGHT
MANETAL	
!LTERNATIVEUSAGESOFTHEOILCAKESARESEENINORGANIC
FERTILISATION,ABER	ANDINTHEUSEASADDITIONALSUB
STRATEINBIOGASPLANTS0AULSENETAL	)NGENERALUS
AGESLIKETHISMIGHTCAUSEADDITIONALMITIGATIONEFFECTSON
'('EMISSIONSOFFARMSBYSUBSTITUTIONOFOTHERFERTILISERS
BYAYIELDINCREASETHROUGHFERTILISATIONORBYTHESUBSTITU
TIONOFOTHERBIOGASCOSUBSTRATESANDTHEINCREASEOFTHE
AMOUNTOFRENEWABLEENERGYTHATISPRODUCED
4ESTSINSTRAIGHTVEGETABLEOILDRIVENTRACTORS
4RACTORSWHICHWERETECHNICALLYADAPTEDTOTHEUSEOF
STRAIGHTVEGETABLEOILASPUREFUELAREONTHEMARKETOR
CANBECONSTRUCTEDBYSPECIALSUPPLIERS3EVERALSTUDIESON
THEUSEOFVEGETABLEOILINDIESELENGINESAREAVAILABLE2A
MADHAS+NOTHEETAL	ANDWEREUPDATEDIN
PRACTICALÚELDSTUDIESWITHMODERNAGRICULTURALMACHINERY
THATWASADAPTEDTOTHEUSEOFRAPEOILACCORDINGTOTHE
$).6IN'ERMANY(ASSELAND7ICHMANN	
AND!USTRIA2ESEARCHONPOSSIBILITIESTOFULÚLLTHECOMING
EXHAUSTREGULATIONSANDONTHENEWESTTECHNICALDEVEL
OPMENTISRUNNINGINAN%5WIDEDEMONSTRATIONPROJECT
HTTPWWWNVEGOILEUDEFAULTASP-ENUE	&URTHER
TECHNICAL DEVELOPMENT CONCENTRATES ON THE PURIÚCATION
OFCOLDPRESSEDANDREÚNEDVEGETABLEOILSTOEXCLUDEUN
WANTED0#A-GCONTENTS2EMMELEHTTPWWW
FAQSORGPATENTSAPP	
&ORTHEDEMANDSOFORGANICFARMINGANDOFTHEMIXED
CROPPINGAPPROACHAVARIETYOFOILCROPSISNEEDEDTOBE
USEDINENGINES4HERESULTSOFTHEEXEMPLARYÚELDTESTSON
THEREPLACEMENTOFRAPEOILBYCAMELINAOILANDTHE
USEASMIXEDFUELCANBESUMMARIZEDASFOLLOWS
4HE TRACTOR WAS DRIVEN WITHOUT COMPLICATIONS OVER
HUNDERDIFFERENTLOADS4HEMOTOROILQUALITYWAS
ALWAYSSUITABLEANDWIDEBELOWCRITICALTHRESHOLDSVEG
ETABLEOILCONTENTCARBONPARTICLESVISCOSITY	ALSOAFTERTHE
MAXIMUMPERIODBETWEENTHEOILCHANGEOFHTHAT
WASUSED
/XIDATIONRESISTANCEOFTHESTRAIGHTVEGETABLEFUELMIX
TUREWASALWAYSUNDERTHE$).NORMGIVENFORRAPEOIL
WHENUSEDASFUEL4ABLE	
4ABLE
0ARAMETERSOFFUELCHARACTERISTICSOFAMIXTUREOFRAPEOIL
ANDCAMELINAOIL
0ARAMETER 5NIT 4HRESHOLD /ILMIXTURE
$).6


##2
 MM	  
)ODINENUMBER GG  
!CIDVALUE MG+/(G  
/XIDATIONSTABILITY H  
0CONTENT MGKG  
3CONTENT MGKG  
Ȉ#A-G MGKG  

#ONRADSON#ARBON2ESIDUE

PARAMETER##2NOTANYLONGERLISTEDINTHEÚNAL$).
ANDNEWTHRESHOLDSFOR0MGKG#AMGKG-GMGKGVALIDIN
!FTERHCARBONACEOUSDEPOSITSATTHEFUELINJEC
TORSWEREDETECTED"UTITREMAINEDUNCLEARIFTHEYWERE
CAUSEDBYTHEUSEOFCOLDPRESSEDOILSWHICHINGENERAL
AREOFLOWERPURENESSTHANRAFÚNATESORBYTHEUSEOFTHE
OILMIXTUREITSELFBECAUSE#AAND-GCONTENTSOFSTRAIGHT
CAMELINAOILWASNEARLYINRANGEWITHTHATOFTHERAPEOIL
THATWASUSED!NYWAYTHE##2VALUESOFTHEOILMIXTURE
EXCEEDEDTHETHRESHOLDGIVENINTHE$).64ABLE
	4HETRACTORHADTHESAMEPOWERANDSHOWEDNODIFFER
ENCEINEMISSIONOF./X#/(#ANDPARTICLESCOMPARED
TOTHEUSEOFSTRAIGHTRAPEOIL0RINCIPALLYTHEUSEOF
CAMELINARAPEOILASFUELINDIESELENGINESTHAT
AREADAPTEDTOTHEUSEOFSTRAIGHTVEGETABLEOILISPOSSIBLE
)NGENERALINCREASEDATTENTIONONMOTORCONTROLINJECTORS
MOTOROILQUALITY	MUSTBETAKENWHENCOLDPRESSEDAND
UNREÚNEDVEGETABLEOILISUSED"UTTHEUSEOFVEGETABLE
OILBEYONDTHE$).NORMCANNOTBERECOMMENDEDIFWAR
RANTYASPECTSOFTHEENGINESARECONSIDERED
"UTMARKETSTUDIESONTHEPRACTICALTRADINGOFVEGETABLE
OILSSHOWEDTHATDIFFERENTVEGETABLEOILSAREMIXEDASFUEL
ANDARESOLDASVEGETABLEOILACCORDINGTO$).6
0AULSENETALA	6EGETABLEOILMIXTURESFORTHEUSE
ASFUELAREOBVIOUSLYMARKETCONFORMANDCANTHEREFOREBE
PARTOFCONSIDERATIONSONTHEREPLACEMENTOFFOSSILFUELS
%STIMATIONOF'('LOADS
4HEADDITIVEPOTENTIALOFTHEMIXEDCROPPINGSYSTEMTHE
USEOFTHEVEGETABLEOILSASFUELSINAGRICULTURALMACHINERY
ANDTHEUSEOFOILCAKEASFEEDCOMPONENTTOREDUCETHE
EMISSIONOF#/EQUIVALENTSPERHECTAREMUSTBECALCULATED
BASEDONTHEALLOCATIONOFEMISSIONFACTORSFORTHESUBSTI
TUTEDMATERIALSFOSSILFUELANDOTHERFEEDCOMPONENTS	AND
BYTHEHECTAREWISEYIELDEFFECTSOFTHEMIXEDCROPPINGSYS
TEMS6ALUESONTHESEOVERALLEFFECTSOFMIXEDCROPPINGFOR
THEDESCRIBEDMEANYIELDLEVELS4ABLE	AREGIVENIN4ABLE
4ABLE
'AINS	ANDLOSSES	INGRAINYIELDSDRYMATTER	OFVARIOUSMAIN
CROPSINORGANICFARMSA	ADDITIONALOILB	ANDOILCAKEYIELDSC	AND
CHANGEINPRODUCEDRAWPROTEIN80	D	ANDENERGYPRODUCTIONE	 
WHENMIXEDCROPPINGWITHOILCROPSISINTRODUCEDYIELDSSEE4ABLE
AND	ANDTHEREDUCTIONOF'('EMISSIONSBYTHESUBSTITUTIONOF
DIESELFUELBYTHEPRODUCEDSTRAIGHTVEGETABLEOILF	
A	 B	 C	 D	 E	 F	
CROPCOMBINATION
      
MAIN
CROPS
VEG
OIL
OIL
CAKE
80B HEATING
VALUE
#/EQ
KGHA C-7H
HA
DKGHA
WINTERVARIETIES
BARLEYRAPE      
RYERAPE      
PEARAPE      
SPRINGVARIETIES
PEACAMELINA      
PEACAMELINA)      
PEARAPE      
PEAWMUSTARD      
LUPINCAMELINA      
LUPINSAFÛOWER      
WHEATCAMELINA      
WHEATLINSEED      
CAMELINAMLINSEED      
)CAMELINAINBROADCASTSEEDINGMMAINCROPCAMELINABEFFECTSOFMIXEDCROPPINGON
GRAIN.CONTENTSARECONSIDERED80.
COILCROPSK7HKGDRYMATTERCEREALS
LEGUMESK7HKGDRYMATTERDG#/EQKGDIESELG#/EQ-*%5	
/NTHECONTRARYTOTHEINTERPRETATIONGIVENINCONNEC
TIONWITH4ABLETHEVALUESIN4ABLEHAVETOBEINTERPRET
EDWITHTHEBACKGROUNDTHATMIXEDCROPPINGISINTRODUCED
INAFARMTOCOMBINEFEEDANDFUELPRODUCTIONINONEÚELD
3OTHEPUREYIELDEFFECTPERHECTAREISGIVENHEREANDNOT
THEEFFECTONFARMLEVEL
5NDERTHISASSUMPTIONSINTHEMOSTCROPPINGSYSTEMS
THEKERNELYIELDOFTHEMAINCROPPERHECTAREISREDUCED
EXCEPTIONALAREPEAWINTERVARIETY	YIELDSINCOMBINATION
WITHRAPEWINTERVARIETY	ANDPEAINCOMBINATIONWITHRAPE
SPRINGVARIETY	4ABLECOLUMNA	4HISWASALSOFOUNDIN
OTHERSTUDIESONCOMBINATIONSOFRAPEWITHCEREALS3ZUMI 3ZUMI
GALSKIANDVAN!CKER	WHEATANDLINSEED#ARRETA
	SAFÛOWERINCOMBINATIONWITHSEEDLEGUMESRAPE
ORTURNIPRAPE"RASSICACAMPESTRIS,	2AFEYAND0RASAD
	ANDBEANS6ICIAFABA,	INCOMBINATIONWITHSAF
ÛOWERORLINSEED+IESSLING	"UTALSOYIELDINCREASES
RESPECTIVELYYIELDCONSTANCYOFPEASINMIXEDCROPPINGWITH
FALSEÛAXCOMPAREDTOSOLECROPPEDPEASCANOCCUR3AUCKE
AND !CKERMANN 	 "UT INHERENT TO THE SYSTEM ALL
MIXEDCROPPINGSYSTEMSDELIVEREDADDITIONALVEGETABLEOIL
ANDOILCAKEPERHECTARE4ABLECOLUMNSBANDC	#ONSID
ERINGTHETOTALPRODUCEDRAWPROTEINOFTHEDIFFERENTCROP
COMBINATIONS4ABLECOLUMND	ITISOBVIOUSTHATIFTHE
YIELDREDUCTIONSAREMODERATEANDTHEOILYIELDSARERELATIVE
LYHIGHADDITIONALPROTEINCANBEPRODUCED4HISPROTEINCAN
REPLACENECESSARYFEEDPROTEINIMPORTSANDREPLACETHEIR
'('LOADSDIRECTLYORCANINCREASETHEYIELDOFLIVESTOCK
PRODUCTIONBYHIGHQUALITYFARMOWNFEEDCOMPONENTS
4HISCANDECREASETHEPRODUCTRELATED'('EMISSIONS
4HE HEATING VALUE OF THE WHOLE SEED PRODUCTION OF
MIXEDCROPPINGCOMPAREDTOTHESOLECROPPEDMAINCROPS
ISGIVENASINTEGRATINGVALUEFOROVERALLENERGYPRODUCTION
OFTHESYSTEMS4ABLECOLUMNE	4HECOMBINATIONSDE
LIVERINGHIGHERPROTEINYIELDSANDALSOTHECOMBINATIONOF
BLUELUPINWITHSAFÛOWERSHOWANENERGYWINPERHECTARE
COMPAREDTOTHESOLECROPPINGOFMAINCROPS)NTHELATTER
COMBINATIONHIGHYIELDLOSSESINBLUELUPINOCCURREDAND
THERAWPROTEINLOSSESONTHISSIDECOULDNmTBECOMPEN
SATEDBYSAFÛOWERWHEREASTHEENERGETICAPPROACHDELIV
EREDANINCREASEINENERGYPERHECTAREDUETOTHEASSUMED
HEATINGVALUEOFTHEOILCROP
"YTHEDIRECTREPLACEMENTOFFOSSILFUELWITHVEGETABLE
OILFROMMIXEDCROPPINGBETWEENANDKGHA#/
EQUIVALENTSCOULDBEREPLACED4ABLECOLUMNF	!SSUM
INGAFUELDEMANDFORAGRICULTURALMACHINERYOFKGHA
FARMLANDAVERAGESTRAIGHTVEGETABLEOILYIELDSFROMHA
COULDMAKEUPTOHASELFRELIANTINFUEL7ITHTHEMAXI
MUMVALUESOFOILPRODUCTIONINMIXEDCROPPINGWITHCAM
ELINAREPORTEDBEFOREFUELSELFRELIANCEFORUPTOHECTARE
COULDBEREACHEDWITHHAFARMLAND
&URTHERCONSIDERATIONSOFTHEEFFECTSOFMIXEDCROPPING
SYSTEMSWITHOILCROPSHAVETOCONSIDERTHEPOSSIBLEAD
DITIONALENERGYDEMANDFORTHEIRINTRODUCTION)TCANBE
MINIMIZEDEGBYTHECOMBINATIONOFSEEDINGTECHNOLOGY
0AULSENUND0SCHEIDL	!DDITIONALFACTORDEMANDS
OFMIXEDCROPPINGARISEINTHESEEDPRODUCTIONANDINTHE
SEEDSEPARATIONAFTERHARVEST"UTTHESEPOINTSARESEENTO
BEOFMINORIMPORTANCEINLIFECYCLEBALANCES3ERGIS#HRIS
TIANUND"ROWERS	ANDMUSTBECOMPENSATEDBYTHE
ADVANTAGESOFTHECROPPINGSYSTEMSDESCRIBEDBEFORE)N
GENERALMIXEDCROPPINGWITHOILCROPSINORGANICFARMINGIS
SEENASHIGHLYSPECIALISEDOPPORTUNITYTOPRODUCEOILCROPS
'RUBERAND6OGT+AUTE	WHICHHASCLEARLYTOBE
ADAPTEDTOSITECONDITIONS
#ONCLUSIONS
-IXEDCROPPINGWITHOILCROPSCANENABLEORGANICFARM
ERSTOINTRODUCEOILCROPSINTHEIRCROPROTATION,OOKING
FROMTHISDIRECTIONMIXEDCROPPINGONONEÚELDCOMPARED
TOSOLECROPPINGOFMAINANDOILCROPSONDIFFERENTÚELDS
LEADTOINCREASEDFARMPRODUCTIONOFBOTHPRODUCTS4HIS
ALONECANMEANCLEARREDUCINGEFFECTSONTHEPRODUCTRE
LATED'('EMISSIONOFORGANICAGRICULTURALPRODUCTION(-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V4)!GRICULTUREAND&ORESTRY2ESEARCH	 
-IXEDCROPPINGWITHOILCROPSCANALSOBEINTRODUCEDAS
CROPPINGCONCEPTTOPRODUCESTRAIGHTVEGETABLEOILASFUEL
FORAGRICULTURALMACHINERY9IELDSOFTHEMAINCROPSWILL
BEREDUCEDINTHATCASEBUTAREREPLACEDBYPRODUCTSWITH
OTHERQUANTITIESANDQUALITIES4HISHASTOBECONSIDEREDIN
FARMBALANCESANDINTHEIRSCENARIODESCRIPTIONS
7ITHSTRAIGHTVEGETABLEOILFROMMIXEDCROPPINGWITHOIL
CROPSFOSSILFUELCANBEREPLACED4HECOPRODUCTOILCAKE
ANDANINCREASEDPROTEINPRODUCTIONPERHECTAREMEANAN
ADDEDVALUEFORLIVESTOCKPRODUCTIVITYANDAREDUCTIONOF
IMPORTEDFEEDCOMPONENTSCANBEEXPECTED4HESEAS
PECTSOFFERCLEARPOTENTIALOFTHEDESCRIBEDSYSTEMTORE
DUCE'('EMISSIONSOFORGANICFARMS4HEPRODUCTIONOF
BIOFUELINTHISWAYHASONLYMODERATECOMPETITIONTOFOOD
PRODUCTION
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